Although polyethyleneglycol mono-p-isooctylphenyl ether (TX-100) was not adsorbed on the surface of hydroxyapatite(HAP) in an aqueous phase, it was adsorbed in the presence of sodium dodecylsulfate(SDS) or arginine dodecylphosphate(DP). This fact was explained in terms of modification of the surface of HAP by the adsorption of SDS or DP and complex formation on the surface through hydrophobic interaction between hydrophobic tails of TX-100 and SDS or DP. The effects of the mixing ratio between them and of a concentration of added NaCl were discussed.
INTRODUCTION
It was reported elsewherel, 2 that sodium dodecylsulfate(SDS) and arginine dodecyl phosphate(DP) are easily adsorbed on the surface of hydroxyapatite(HAP) mainly by the mechanism of isomorphous substitution between a phosphate ion on the surface of and a sulfate group of SDS or a phosphate group of DP. When SDS and DP are adsorbed, their alkyl chains are protruding from the surface into an aqueous phase, which form a surface complex with hydrophobic/amphiphilic compounds such as polyethyleneglycol mono-p-isooctylphenylether(TX-100)1,2, methylyellow 3, polyvinylpyrrolidone 4,5, and hydroxypropylcellulose 6. Although methylyellow was scarcely soluble in water, it was adsorbed by virtue of solubilization into hemimicelle or admicelle of SDS formed on the surface of HAP. In the present paper, formation of the surface complex of TX-100
with SDS and DP 7 will be discussed in detail, taking into consideration the effect of NaCl and comparing the effect of SDS with that of DP.
EXPERIMENTAL
The chemicals used in the present paper, i.e., TX-100 1, SDS 2,3, DP 1,7, and arginine 1,7, are the same as those used before. Chemical structures of TX-100 and arginine are shown in FIGURE 1. An aqueous solution of DP was prepared by mixing dodecylphosphoric acid and arginine in a molar ratio of 1:3, where a clear solution was obtained 7. In order to obtain the adsorption amount of TX-100 on HAP, HAP (0. The adsorption isotherms of TX-100 in the presence of DP were obtained in order to compare with those obtained in the presence of SDS. The result is shown in FIGURE 4. The effect of DP on the adsorption of TX-100 was quite similar to that of SDS shown in FIGURE 3. The initial slope increased with a concentration of DP. The isotherm was sigmoidal in the range of low concentrations of TX-100 mixed with 0.5 mmol/L DP in the same manner as that found with 0.5 mmol/L SDS(FIGURE 3), where the adsorption amounts of TX-100 in the DP system were almost the same as those in the SDS system. The adsorption amount decreased after attaining a maximun, at which value was, however, higher in the presence of 0.50 mmol/L DP than in the presence of 0.5 mmol/L SDS.
Effect of Added NaCl on the Binding of TX-100: The effect of added NaCl on the adsorption amount of TX-100 was studied. The results are shown in FIGURES 5 and 6. The initial slope of the isotherm increased after addition of NaCl to the system of SDS and TX-100, as shown in FIGURE 5, both in cases of 0.5mmol/L SDS plus 500 mmol/L NaCl (triangle to square) and of 1.0 mmol/L SDS plus 500mmol/L NaCl(asterisk to diamond). This accelerating effect on the adsorption might be explained in terms of the salting-out . On the other hand, the adsorption amount decreased after attaining a maximum, of which slope was steeper in the system of 0.5 mmol/1 SDS and 500 mmol/L NaCl (square) than in the other system(diamond). The decrease in the adsorption amount means that TX-100 is more stable in an aqueous phase(i.e., micelle) than on the surface(i.e., adsorption layer). Although similar effect was observed in the system of 0.5 mmol/L DP(FIGURE 6), the phenomena were more complicated than those in the system of SDS. The initial slope increased with a concentration of NaCl(0 to 10 mmol/L) while it decreased in order of 10, 100, and 500 mmol/L NaCl. At the highest concentration of NaC1(500 mmol/L, square), the initial slope was almost zero and the adsorption amount was low. It decreased after FIGURE4. Adsorption isotherm of TX-100 in the presence of DP as afunction of a free concentration of TX-100, [TX-100]free. Concentration of the added DP/(mmol/L) = 0.50(triangle), 1.00(short bar), 3.00(circle), and 7.00(cross) FIGURE5. Effect of added NaCl on the adsorption isotherm of TX-100. Concentrations of SDS and NaCl/(mmol/L) = 0.50 and 0(triangle), 0.50 and 500(square), 1.00 and 0(asterisk), and 1.00 and 500(diamond), respectively. This figure was quoted from a previous paper 2.
attaining a maximum again. These facts are showing that the adsorption of TX-100 is regulated with a concentration of added NaCl as well as that of DP and SDS. NaCl showed duplicity of increasing and decreasing the adsorption amount.
Binding Mechanism of TX-100 in the Presence of SDS and DP: Sulfate group of SDS and phosphate group of DP are easily substituted with a phosphate ion on HAP due to the fact that the size of these head groups is almost the same as that of phosphate ion.6,7
After their adsorption through the isomorphous substitution, the tail groups are protruding into an aqueous phase and form patches on the surface of HAP through hydrophobic effect just like micellization(i.e., formation of hemimicelle or admicelle). This surface aggregate captures hydrocarbon tails of TX-100, resulting in adsorption of TX-100 in the presence of SDS or DP. In other words, TX-100 was adsorbed after the surface modification of HAP with SDS or DP, forming the surface complex. Therefore, the adsorption amount increases with a concentration of SDS or DS added, as shown in FIGURES 2 and 4. Schematic mechanism for the binding is illustrated in FIGURE 7 . Ordinary micelle is formed in an aqueous phase, where the CMCs are 8.2, 10.5, and 0.25 mmol/L for SDS, DP, and TX-100, respectively. Because TX-100 is mixed with SDS or DP in the system, their mixed micelles are formd in an aqueous phase as well as on the surface. They are in equilibrium with each other in the presence of monodispersed ions and molecules of these surfactants. NaCl or ionic strength accelerates formation of the mixed micelle and adsorption to the surface due mainly to the salting-out effect. Therefore, the initial slope increases with a concentration of NaCl, as shown in FIGURES 3 and 4, for example. However, formation of the mixed micelle is more stable than that of the adsorption layer in some situation, resulting in decrease in the adsorption amount. That depends on the combination of the concentrations of TX-100, NaCl, and SDS or DP. Typical example is illustrated in FIGURE 6 , where the initial slope and the adsorption FIGURE6. Effect of added NaCl on the adsorption isotherm of TX-100. Concentrations of DP and NaCl/(mmol/L) = 0.50 and 0(triangle), 0.50 and 10(asterisk), 0.5 and 100(diamond), and 0.5 and 500(square), respectively. 
